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Executive summary 
A trade linked global input-output table with environmental extensions has been constructed 
for the year 2000. The data come from EXIOBASE, which has a 44 country/region detail 
covering the whole world. These countries have been aggregated into four global regions: the 
EU; other developed countries; fast developing countries; and a Rest of the World. These 
regions are treated as internally homogeneous. The sector detail is around 129 sectors. All 
sectors are trade-linked globally. A global final demand vector reflecting expected economic 
growth per region quantifies all sectors, resulting in the CO2 emissions of each sector in each 
region. These can be added into regional and global emissions and into emissions of regional 
consumption, reckoning with upstream emissions in other regions. 
 
On this basis three scenarios have been constructed for the year 2050, in a transparent 
stepwise procedure, which includes assumptions on development towards 2050. These 
assumptions are specified in detail and can be varied easily. This scenario machine, including 
the basic data, is open for use by others, downloadable without restrictions. The three 
scenarios are first a Business-as-Usual (BAU) scenario, introducing general growth 
assumptions using OECD foresights; a Techno-Scenario (TS), adding a number of climate 
technologies and shifts in energy production to BAU; and the Towards-2-Degrees Scenario 
(2DS), with a demand shift added to TS, intended to reach an emission level consistent 
temperature rise of not more than two degrees (in line with RCP2.6 in AR5). 
 
The results of the three scenarios are roughly in line with most other scenario models. The 
high growth in the fast developing countries and the substantial growth in the Rest of the 
World reduce the share of rich countries in global climate emissions to a minor fraction. The 
two degrees target seems difficult to reach with advanced climate saving technologies alone. 
Even substantial shifts in consumption styles are not enough. Reducing assumed growth 
below OECD foresight is one option. But that would imply that the fast developing countries, 
the main emitters by then, would grow less fast. This would imply an even larger difference in 
income per head remaining, relative to the now already rich countries which is unrealistic. 
Global trade does not increase as a percentage of global income. However, the embodied 
emissions in imports increase to well over 30% for the EU. These embodied emissions reduce 
the regional effects of changes in consumption structure taken by one region. 
 
The overall outlook in this scenario study is not optimistic. Emissions from steel and cement 
production and air and sea transport become dominant. They are difficult to reduce. Using 
biofuels in air and sea transport does not work, as biomass is used for electricity production 
already with 80% CCS, as holds for all remaining fossils as well. One option might be 
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hydrogen, produced by near zero emission sources. It seems that a more pervasive pressure 
towards emission reduction is required, also influencing the basic fabric of society in terms of 
types and volumes of energy use, materials use and transport. Reducing envisaged growth 
levels, hence reducing global GDP per head, might be one final contribution needed for 
moving to the two-degrees target, not on political agendas now. Other sets of assumptions 
may easily be applied to the model by others, as all basic data on the regions are freely 
available. 
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1 Introduction 
Different kinds of modelling of economic activities for assessing climate change all have their 
strength and weaknesses. They range from energy optimization models to partial equilibrium 
models and to general equilibrium models, and may include relations based on a number of 
econometrically established trends. Applications of these models can be found in MNP 
(2006), IEA (2013) and Hourcade et al (2006). Background assumptions are required to 
specify exogenous developments. Such assumptions may also define scenarios. Assumptions 
and endogenous relations can vary widely, leading to diverging outcomes. Interpreting such 
outcomes requires insight in assumptions and relations. More complex models, having larger 
numbers of endogenous relations, are also more complex in their interpretation. Especially 
when covering longer time horizons, of decades, predictions are not really possible. For that 
time horizon models give insight in a number of mechanisms relative to each other and 
relative to varying assumptions. 
 
In the scenario model developed in this study, we exclude all endogenous empirical relations. 
The situation depicted in 2050 is fully based on assumptions; there are no endogenous 
dynamic relations. The ultimate core assumption is based on the desired output: remaining 
within the 2-degrees maximum window of opportunity, as specified in the RCP2.6 climate 
scenario  (Vuuren et al., 2011). All other assumptions align with moderate views on 
population development, economic growth, energy technology development and emission 
reducing measures like Carbon Capture and Storage. If all our input assumptions don’t lead to 
the desired emission output, we finally have to turn on the knobs on final consumption, 
shifting consumption patterns, also between different final use energy expenditure types. We 
fill in these exogenous assumptions in EXIOBASE, a highly detailed global IO database with 
environmental extensions (Tukker et al., 2013). Then we get a hint of how the world might 
look like in 2050. Starting point is the world as described in 2000 in EXIOBASE, stepwise 
transformed into possible worlds in 2050. The first step is to introduce trends in energy 
efficiency improvement and expectations on economic growth, taken from the OECD 
(2012a). This creates a Business-As-Usual scenario (BAU) assuming no influence of specific 
climate policies. Next, in step 2, specific emission reducing technologies are introduced, 
including a shift to electricity in broad domains in industry and private households; a shift in 
electricity mix towards renewables and less use of coal; and extensive use of CCS. We call this 
the Techno Scenario (TS). Finally, in step 3, final demand structure is adapted for further 
emission reduction, the Towards-2-Degrees Scenario (2DS). Measures to be taken seem so 
extreme however that we stopped short of the 2-degrees target. 
 
Excluding all causal mechanisms of course leaves out all empirical dynamics. This is a blessing 
in disguise as this allows for a straightforward interpretation: it is only the assumptions 
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determining results. However, the IO accounting framework has one reality advantage. It 
systematically links all global activities, connected through trade flows. All detailed sectoral 
inputs have been produced by other sectors somewhere in some country, and all final 
consumption in each country is linked to production chains somewhere in the world. Global 
trade is fully detailed. Local actions can thus be analysed as to their global consequences. The 
result gives a hint of what a 2-degrees future might look like. Overall consistency is the key 
characteristic. Though no explicit behavioural feed-back mechanisms are endogenised, these 
outcomes do include effects otherwise difficult to grasp. An example is the economic growth 
effects of energy efficiency improvement. Does it reduce our energy consumption or are we 
set for a new age of Jevons paradoxes? Predictive modelling over half a century could hardly 
give an answer to this question. Our results show that neither of these will be the case. Our 
reasonable assumptions squeeze the scenario within reasonable boundaries. This allows for a 
more focused discussion, not on what might happen, widely diverging, but on the 
assumptions that keep the outcomes in the domain they are in. We will not yet go for a 
sensitivity analysis on assumptions, though definitely that is the role the static IO model 
should play in due time. In this paper the framework for such an analysis on assumptions has 
been developed. 
 
We first specify the 2-degrees target in terms of an emission profile for 2050. Then the 
stepwise methodology is specified. Next, we specify the main assumptions for the first two 
scenarios (BAU and TS), giving an outcome in terms of climate changing emissions which is 
not yet in line with the two degrees target. In the third step, there are two knobs to turn to 
arrive at max 2-degrees. First we look at shifting consumption from high emission intensity 
products to low emission intensity products, reckoning with the full also inter-regional supply 
chain. This is different from other options for improving climate performance, like shifting to 
production in the most efficient regions, as has been studied by Strømman et al. (2009). 
Because a shift in final demand is not enough to reach the 2-degrees target, finally strong 
assumptions on reduced economic growth have been introduced. This reduction goes 
beyond what might be feasibly achieved voluntarily on reducing growth, as by increasing 
leisure time and so producing and consuming less. The growth reduction also leads to 
increased inequality. All such assumptions, and other ones, may be applied with relative ease 
in the scenario framework as developed, which then may function as a scenario tool. 
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2 Emissions profile 2050 consistent with a 2-degrees target 
The 2-degrees target does not refer to one specific emission level in 2050. With an earlier 
start of emission reductions, later reductions can be more modest. Conversely, a not so early 
start would require more extreme reductions later. What would be a realistic assumption on 
the speed of effective implementation of stringent climate policy? From the surveys of 2-
degrees scenarios (see Vliet et al., 2009) we choose a middle option with higher emission 
reductions after 2050. This still seems quite optimistic, given the undisturbed rising trend in 
CO2 concentrations up till now. The 2050 target in terms of GHG emissions are set at a total 
world emission of 18 Gt CO2 eq per year. This corresponds to an emission pathway with a 
radiative forcing in 2100 of 2.6 W/m2 (RCP2.6, 450 ppm CO2-eq) with an overshoot before 
2050 allowed. We assume that the 18 Gt CO2 equivalent contains 70% CO2, giving a separate 
CO2 target of 12.6 Gt worldwide in 2050, the remainder being the total volume of all non- 
CO2 emissions in CO2 equivalent terms. 
 
We have chosen to focus the analysis on CO2 only although CH4 and N2O emissions – the 
main non-CO2 emissions – are available in our data set as well. We did so because policies for 
emissions of methane and N2O are more difficult to develop and implement than for CO2, as 
direct emission measurement mostly is not feasible. Nor is indirect measurement as is the 
case with CO2 emissions measured through the carbon content of fuels. Methane from paddy 
rice production is an example where measurement seems quite impossible. N2O emissions - 
mostly in biomass production - also cannot usually be measured at source. They will tend to 
rise due to more intense land use because of rising food and fodder production and rising 
biomass-for-energy production. 
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3 Method and data 
The EXIOBASE supply-and-use tables (SUTs) form the basis for specifying the scenarios. This 
world model distinguishes 44 trade-linked countries/regions, including the EU27 as a group, 
with around 129 sectors per country (in practice not every sector exists in each country). In 
EXIOBASE, the national supply-and-use tables have been trade-linked. This means that all 
sectors in each country/region are consistently linked to the supplying and using sectors in all 
other countries/regions. As national supply-and-use data and trade data all have their flaws, 
consistency is approached by adapting flows. The GRAS method used (Junius & Oosterhaven, 
2003), chooses the smallest level of adaptation so as to reach (near) consistency. There is not 
a separate consumption activity in the SUTs, as for example had been added in the EIPRO-
study (Tukker et al., 2006). The most important household emissions as in household natural 
gas use and combustion emissions of private cars have however been added in the 
framework. The structure of final consumption in 2050 converges to the European 
consumption structure in all regions, with the adaptations as added in the scenario 
assumptions. 
 
The EXIOBASE data on 2000 are some of the most detailed and thoroughly available now. The 
IO scenario framework may later be updated with newer data, as coming up in another EU 
FP7 project, CREEA (delivery date spring 2014). The EXIOBASE emission data cover the major 
greenhouse gases CO2, CH4, and N2O. Data on other emissions, like particulate matter, NOx 
and SOx, are available, for example to specify co-benefits of climate policies, but have not 
been used in this project. 
 
As no behavioural mechanisms like market mechanisms are included which would change 
relative prices, the scenarios are in constant prices (year 2000) for all products. The 
conversion between monetary flows and physical flows therefore is straightforward. In the 
scenarios, new technologies are added in monetary terms, directly corresponding with their 
underlying physical composition and emission factors, at the given prices. These underlying 
physical specifications are not part of the SUT framework but can be found in the technical 
Annex A. There is no hybrid analysis in the sense of combining monetary and physical flow 
units. 
 
All assumptions on economic and technical development relate to four different world 
regions: The EU; other High Income Countries, like the US and Japan; Newly Developing 
Countries, like the BRICs; and a Rest of the World, including most African and Middle Eastern 
countries. The OECD prospects (OECD 2012a and 2012b) for economic growth have been 
distributed over these four regions, equal for all countries in each region. Outcomes in terms 
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of GDP 2050 differ sharply, as can be seen from Figure 3-1. The EU will grow by a bit over a 
factor 2 from 2000 to 2050; Other Developed Countries slightly less; Newly Developing 
Countries by a factor close to 10; and the Rest of the World by a factor 4.5. Technology shifts 
and demand shifts together are to reduce the otherwise rapidly rising climate emissions to 
the desired level for 2-degrees. In the active scenarios, growth data have not been corrected 
for the real costs of climate policy, giving a slight overestimate in real growth. This 
overestimate may be seen as corrected when reducing demand in the Towards-2-Degrees 
Scenario. See Figure 3-1 for a survey of the economic data, including the - quite similar - data 
for the Techno Scenario. 
 
Figure 3-1 GDP, Population and GDP for 2000; 2050 BAU; and Techno Scenario1 
 
 
                                                     
1 All results data and figures are available in a downloadable excel file. For more information see Annex C. 
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4 Scenario 2050: Business As Usual Scenario 
Mechanisms for population growth, general efficiency improvement and productivity growth 
together lead to a more or less autonomous development, already influenced by policies and 
other considerations. These general developments have been implemented in the EXIOBASE 
SUT in the following ways. The trends in general efficiency improvement of the last decade 
have been extrapolated, looking in detail into the developments of the 30 most energy 
consuming sectors at NACE rev1.1, Level 2, as derived from the WIOD database (Timmer, 
2012). These trends are not substantial for developed countries, at roughly 1% over the 
scenario period, and are somewhat higher for high growth developing countries. These 
generic efficiency increases next are added, and the full system is scaled so as to reflect OECD 
expectations on overall economic growth. The shift in developed countries towards the 
secondary and tertiary sectors partly is due to shifting abroad of material production to 
emerging countries. At a global level such a shift is not possible and is not reflected in our 
total data. Likewise visions of re-industrializing Europe are also not explicitly included in our 
scenarios. 
 
4.1 Results: emissions 
The emission in the BAU scenario amount to 94 Gt CO2 eq/yr. This is a manifold of 18 Gt CO2 
eq/yr in 2050, corresponding the 2-degrees target. Because the business-as-usual scenario is 
used as a reference on which GHG emission mitigation assumptions are superimposed, the 
estimated GHG emission in the BAU scenario are a key starting point. The assumption on 
higher BAU GHG emissions in 2050 implies that reaching a 2 degrees target seems more 
difficult. Our estimate of 75 Gt CO2/yr emissions in 2050 are on the high end compared to the 
BAU scenarios by the OECD (2012a). This study uses the growth and population forecasts as 
specified in the OECD Environmental Outlook. The OPECD model used in the OECD report 
results in a CO2 emission of 60 Gt CO2/yr, while our results are higher, in the range of 75 Gt 
CO2/yr. However, the IPCC survey of BAU outcomes on GHG emissions range from under 40 
to over 100 Gt CO2/yr in 2050 (Moss et al., 2010, Meinshausen et al., 2011), so our outcomes 
are in the middle range. Our starting point of 75 Gt CO2/yr aligns with the IPCC RCP8.5 
scenario, as reported in the RCP database (Riahi et al., 2007). Even the combined emissions of 
CO2, CH4 and N2O of 94 Gt CO2 eq/yr in 2050 is similar to the IPCC RCP8.5 scenario. But the 
distribution of the emissions over the regions is quite different (see also Figure 4-1). 
Especially fewer emissions will come from the RoW compared to the IPCC RCP8.5 scenario. 
Because our scenario and the IPCC RPC8.5 scenario are both based on a business as usual 
assumptions, the correspondence between their results therefore gives some confidence in 
our modelling approach. 
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Figure 4-1 Territorial CO2 emissions in: 2000; BAU 2050; and Techno Scenario 2050 
 
 
4.2 Results: trade volumes 
Trade volumes may be expected to rise because of global specialization and economies of 
scale. In the last decades this has led to high rates of growth in international trade, much 
higher than economic growth. However, we may assume that cost structures in different 
countries will become more similar when they approach similar levels of affluence, with 
reduced global income inequality. This factor would tend to reduce international trade. In 
line with these opposed mechanisms, the share of international trade flows in global GDP 
remains more or less constant, see Table 4-1, without any forcing. The reduced but still high 
export levels (and import levels matching) by the Rest of the World may be explained by their 
high share in global natural resources production. 
 
Table 4-1 Regional exports as percentage of regional GDP 
Region 
Exports (% of GDP) 
2000 2050, BAU 2050, TS 
EU 12 13 13 
HI 8 11 11 
BX 20 10 10 
RoW 27 21 21 
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5 Scenario 2050: Techno Scenario 
The Techno Scenario introduces emission reducing technologies to a substantial degree, 
including a substantial shift to electricity production to allow for substantial CCS when using 
fossil fuels and to accommodate a substantial share of wind and solar. So electricity 
production increases substantially, not only for economic growth but also for the 
electrification of society, in transport and households. Technologies change substantially. The 
new coal and gas fired power stations are all equipped with CCS reducing CO2 emissions with 
80%; all biomass for energy is used for electricity (and heat) production, equipped with CCS. 
For that level of CCS, probably large scale transport systems are required to bring the CO2 
from major sources of incineration to large saline aquifers. Such details have been accounted 
for based on average additional material and energy requirements, based on (NETL, 2010). 
 
Shifts in primary energy for electricity production are substantial in our scenario (based on 
Jakeman and Fisher, 2010), with large increases in the share of biomass, a substantial 
increase in the share of other renewables, and a relatively constant share of nuclear, see 
Table 5-2. The electricity supply mix could have been chosen such that renewables would 
have a (much) higher share. However, based on rates of penetration of new renewable 
technologies (Kramer & Haigh, 2009), the long lifetime of coal power plants that are being 
built today and the shale gas revolution, it seems not unreasonable that even in 2050 fossil 
fuel based electricity generation still plays a substantial role. Even though the shares of some 
electricity generation stay the same (e.g. nuclear) it implies tremendous absolute growth, as 
electricity use expands so much, see Table 5-1. In this technology oriented step, energy using 
industries adapt their source of energy in line with the overall assumptions on shifts in 
primary energy input.  
 
There are similar shifts in final consumption, where cars mainly use electricity, replacing fossil 
and biomass fuel, the biomass being applied in larger installations with high level CCS. There 
are some exceptions like iron and steel production, cement production, small scale 
manufacturing and ocean and air transport, where fossils remain dominant without capture 
of the emitted CO2. Specific emission reduction strategies for CH4 and N2O have been 
proposed (Lucas et al., 2007) but not implemented in the scenarios. The focus has been on 
CO2 emission reduction scenarios. 
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Table 5-1 Total electricity supply with respect to 2000 in the 2050 BAU and 2050 TS in percentage 
Region 
2000 
(%) 
2050, BAU 
(%) 
2050, TS 
(%) 
EU 100 177 123 
HI 100 162 152 
BX 100 742 642 
RoW 100 347 306 
 
Other final demand categories - that is their shares - have been kept constant in this 
technology oriented scenario. Food and beverages do not change, let alone that diet 
assumptions have been introduced. That is part of step 3, to get closer to the 2-degrees 
target. See Annex A for a full survey and quantification of the technologies introduced in this 
scenario step. 
 
The technologies are added in the SUT-framework in monetary terms, corresponding with 
underlying physical composition and emission factors, all at constant prices. The technologies 
specified take the place of a number of technologies as specified in the BAU scenario. They 
are added to these BAU developments. These general technology developments are quite 
substantial in their emission reductions and cover around 15% of emissions in all sectors. 
Cement production reduces CO2 emissions by 3%; iron and steel uses 6% less coal and about 
50% less natural gas. 
 
Table 5-2 2050 electricity mix (TWh): Techno Scenario 
Production source 
EU 
(%) 
HI 
(%) 
BX 
(%) 
RoW 
(%) 
Coal 11.2 31.7 16.8 15.8 
Natural gas 25.3 16.1 19.4 19.8 
Nuclear 34.0 26.5 13.3 15.5 
Hydro 10.9 6.2 34.4 32.8 
Wind 6.6 7.6 4.1 4.0 
Solar, biomass; waste 12.0 12.0 12.0 12.0 
Total 100.0 100.0 100.0 100.0 
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5.1 Results Techno Scenario 
The results for the Techno Scenario are in Table 5-3 and in Figure 4-1. They show that the 
heavy introduction of emission reducing measures, including 80% CCS on the remaining coal 
and gas use and also 80% on bioenergy, is enough to reduce the emissions of the developed 
countries (EU and HI) by nearly 30% relative to 2000. However the sum of such measures is 
not enough to reduce emissions in the two developing world regions (BX and RoW) below the 
2000 level. For the world as a whole CO2 emissions increase from 26 to 39 Gt, more than 
three times the 2-degrees target of 12.6 Gt in 2050. Special attention is due on the role of the 
BX region (including China, India, Indonesia and Brazil), taking more than half of all emissions. 
The emission reduction measures in the Techno Scenario reduce CO2 emissions by about 50% 
compared to BAU in each region. Because the emission estimates in BAU 2050 for the BX 
countries are high as compared to IPCC RCP scenarios the contribution of BX in 2050 under 
the Techno Scenario is high as well. The total emissions in our Techno scenario in 2050 are 
very much similar to the IPCC RCP4.5 emission scenario (Clarke et al., 2007) for 2050 but the 
distribution between the BX and the RoW regions is quite different. However without 
knowing what emission reduction measures have been implemented in the RCP4.5 scenario 
compared to our Techno Scenario it is not really possible to compare the two scenarios in 
content. 
 
Table 5-3 Emissions of CO2 in Gt, compared to different RCP-outcomes 
Region Actual Year 2000 
BAU Scenario 
2050 
Techno Scenario 
2050 
IPCC RCP8.5 
2050 
IPCC RCP4.5 
2050 
EU 4.6 7.0 3.6 4.8 3.1 
HI 9.1 12.0 6.3 15.9 6.3 
BX 8.6 45.8 23.7 34.6 18.0 
RoW 3.9 10.0 5.7 17.9 13.1 
Total 26.2 74.8 39.3 73.2 40.5 
 
5.2 Contributions per sector 
The emissions from aggregate sectors are shown in Figure 5-1, at a global level. The CH4 and 
N2O emissions might be overstated because no specific emission reduction technologies have 
been implemented for these greenhouse gasses; only generic improvements have been 
implemented. However, policy instrumentation for these emissions is much more 
cumbersome than for CO2 emissions. Most sectors and private and public consumers are able 
to reduce their CO2 emissions substantially. Two aggregate sectors, manufacturing and 
transport, have a high share and show little improvement. This is the case even though in the 
manufacturing sector cement and basic steel production have implemented CO2 emission 
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reduction technology and in the transport sector land transport is now mostly based on 
electricity. The sheer demand growth annihilates the improvements. Where might be the 
most relevant options for further reduction? 
 
Figure 5-1 Global aggregate sector emissions of CO2, CH4 and N2O 
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For more insight the emissions in the manufacturing sector and transport sector have been 
further split up into the highest sector level detail available to see which industries contribute 
most to the emission in the Techno Scenario. In the manufacturing industries it is cement 
production and basic iron manufacturing (blast furnace works). Given that these two sectors 
already include the probable and possible technological technologies for GHG emission 
reduction this means that further technologies have to be developed and implemented 
substantially in the coming 35 years in order to further reduce emissions from these sectors. 
A plausible technology for cement manufacturing could be CCS for cement ovens. In iron and 
steel production, some CCS might be possible, especially when combining first steps in 
reduction with coal gasification. In the transport sector emissions are dominated by air 
transport and sea transport. No specific GHG emission reduction technologies were 
implemented in these sectors except general efficiency improvements. Further innovation in 
these sectors is necessary to bring down GHG emissions there as well, as by shifting to low 
emission hydrogen or other low emission energy carriers. Such speculative options have not 
been implemented in the Techno Scenario 
 
Figure 5-2 Contribution to CO2 emissions in Manufacturing and Transport services sectors 
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6 Scenario 2050: Towards a 2-Degrees World scenario 
After implementing all main probable and possible technological solutions for climate change 
emission mitigation, behavioural changes by consumers remain for a further emission 
reduction. Two types of behavioural changes have been investigated. 
1. A shift from consumption of high carbon-intensive products (goods and services) like 
air travel to low carbon-intensive products, like music performance and theatre. 
2. Reduced production and consumption, implying reduced economic growth. 
We have not implemented these measures for their limited direct policy relevance, as they 
are far away from plausibility in terms of psychology and policy instrumentation. But we 
show what effects could be. Finally, we show how this scenario might be filled in normatively, 
either assuming an equal emission per capita or an equal emission per Euro GDP. Starting 
point for the analysis here is the Techno Scenario. 
 
6.1 Consumption shifts 
A first option investigated is the shift from high carbon-intensive to low carbon-intensive 
products, including services. Quite extreme shifts were investigated. The expenditure on the 
most carbon intensive products in the EU responsible for the 20% of total carbon emissions 
of the EU was halved. This involves eight product groups, see Table 6-1. 
 
Table 6-1 The 8 product groups who’s production is responsible for 20% of CO2 emissions in the Techno scenario if direct 
emissions from households are excluded from the analysis 
Product groups 
Ceramic goods 
Electricity by coal 
Sea and coastal water transportation services 
Other petroleum products 
Bricks, tiles and construction products, in baked clay 
Basic iron and steel and of ferro-alloys and first products thereof 
Cement, lime and plaster 
Air transport services (62) 
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In Figure 6-1 we have plotted a product expenditure – product carbon intensity graph. The 
expenditure on the 129 product groups in the EU is plotted on the x-axis. The CO2 emission 
associated with the production (not consumption) of these 129 products are plotted on the 
y-axis in terms of Mt/billion euro product. The products have been ordered from high carbon 
intensity to low carbon intensity. As can be seen in Figure 6-1, there is one product group 
with negative carbon intensity. It is ‘electricity from biomass and waste’. Because there is CCS 
on biomass and waste burning for electricity generation the use of this product group 
contributes to the removal of CO2 from the atmosphere. The full area of the graph is equal to 
the total CO2 emissions associated with production of all products for the EU. Notice that the 
use phase of these products in households and government and associated CO2 emissions is 
not included in the graph. In the Techno scenario these direct emissions contribute to 15% of 
all EU CO2 emissions. 
 
Having the Techno scenario plotted this expenditure was then shifted towards the lowest 
carbon intensive products, see Figure 6-1. The red background gives the emission intensity 
expenditure graph for the Techno Scenario. This graph is overlaid with a grey graph that 
shows the expenditure – emission intensity graph when expenditure has shifted from high 
carbon intensity to lower carbon intensity products. Only a modest reduction can be 
achieved by this measure, less than 10%. It is probably a bit of an underestimate because the 
reduced expenditure on ‘Other petroleum products’ (Table 6-1) will also lead to reduced 
direct emissions that are not taken into account. Focusing on aviation the options for 
emission reduction seem limited. Developing countries now have a high income elasticity of 
demand for aviation, above 2, with developed countries somewhat lower (Smyth and Pearce, 
2008). As by 2050 their income per head remains well below the current income in 
developed countries, more air transport seems unavoidable, given roughly current relative 
prices. Changing aviation behaviour involves billions of people, beyond direct control options. 
Substantial changes in relative prices would be required. 
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Figure 6-1 Effect of shifting expenditure from carbon intensive products to low carbon intensive products on the 2050 
Techno scenario. The red background represents the 2050 Techno Scenario. The grey foreground represents the 
expenditure shifted scenario. The red that ‘peeps’ out under the grey graph is the CO2 emission reduction accomplished 
by the expenditure shift.  
 
 
 
6.2 Reduced growth 
The reduced growth option is quite straightforward by assuming that GDP growth is only a 
result of population growth and efficiency improvements. So there is no autonomous GDP 
growth as has been assumed based on OECD projections in the original BAU and Techno 
Scenarios. Because the efficiency improvements in the BX and RoW region are assumed to be 
about the same but population growth in the RoW region is larger than in the BX region the 
GDP growth in the RoW region is larger (in relative sense, a factor 2.8) than the economic 
growth in the BX region (a factor 1.8).  
 
Of course this is a highly unlikely and undesirable in terms of persisting inequality scenario 
but a reduced growth scenario is introduced to examine how much reduced growth actually 
is necessary to stay within the two degrees emission limits. The reduced growth scenario is 
also a world where existing inequalities in income per person between EU, HI, BX and RoW 
region persist in 2050. The GDP in each region in this reduced growth scenario are given in 
Table 6-2. 
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Table 6-2 GDP growth, growth factor and growth reduction assumption 
Region GDP 2000 
Billion Euro 
GDP 2050 TS 
Billion Euro 
2050 TS reduced Growth 
Billion Euro 
Growth factor 
relative to 2000 
Growth reduction 
relative to TS. 
EU 8.4 19.3 11.2 1.33 0.58 
HI 18.1 36.6 27.5 1.52 0.75 
BX 3.8 37.2 6.8 1.76 0.18 
RoW 3.6 16.2 10.2 2.79 0.65 
Total 34.0 109.3 55.7 1.64 0.52 
 
 
Compared to the original growth in the BAU and Techno scenario the growth reduction in the 
Techno Reduced Growth compared to the original Techno Scenario is around 50%, see Table 
6-2, last columns for the growth factor relative to the year 2000. Compared to the original 
Techno scenario, GDP growth is halved on a world scale but the growth reduction is unequal 
in the different regions of the world. In this reduced growth scenario, the BX region realises 
about 20% of the GDP growth compared to the original Techno Scenario. The CO2 emission 
level based on reduced economic growth and assumed implementation of all probable and 
possible technological solutions comes quite close to the 2-degrees CO2 emission target for 
2050, see Table 6-3. However the necessary growth reduction is implausibly strong. It will not 
easily come about by policy or free choice, while disasters are assumed not to happen. 
 
 
Table 6-3 Emissions of CO2 in the 2-Degrees Scenario with reduced growth and added emission reduction technologies 
Region 2050 Reduced Growth 
EU 2.1 
HI 4.9 
BX 4.4 
RoW 3.6 
Total 15.0 
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6.3 Relating results to the 2-degrees target 
Reasoning from the Techno Scenario, emissions are to be reduced very substantially still. The 
demand shift options have been shown to require substantial behavioural changes with 
limited reduction effects, while the growth reduction required additionally for reaching the 2-
degrees target seems beyond political reality. What exactly the methods of reduction may be 
remains open therefore. However, we can indicate levels of reduction required for reaching 
that target, in two options with different distribution of the reductions over regions. Two 
extreme possibilities are shown for reaching the 2-degrees target: equal CO2 emission per 
capita or equal CO2 emission per unit of GDP. The resulting levels of income reduction per 
region are substantial and substantially different, see Table 6-4 and Figure 6-2. There are no 
mechanisms specified on how to reach these CO2 emission reduction targets. Both 
possibilities seem well beyond feasible policy options. 
 
Table 6-4 Emission reduction percentages per region for the 2-degrees target relative to Techno Scenario, according to 
two principles 
Region 
Equal CO2 per capita 
(%) 
Equal CO2 per Euro GDP 
(%) 
EU 81 38 
HI 86 33 
BX 77 82 
RoW 1 68 
 
 
 
Figure 6-2 Emission reductions for a 2-degrees target, two principles, see green and blue 
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6.4 Conclusions on 2-Degrees Scenario 
The overall conclusion here is that the quite extreme technical measures in the Techno 
Scenario are not enough to reduce emissions to the 2-degrees target level. Adding substantial 
shifts in consumption structure is by far not enough to get to the 2-degrees target. Though 
emissions per unit of GDP have been reduced substantially, the sheer level of economic 
growth supersedes these improvements. Under current assumptions, the 2-degrees target 
may only be reached by adding extreme reductions in economic growth or by introducing 
novel technologies with extremely low emissions per unit of GDP. 
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7 Discussion 
7.1 Overall reasonableness of outcomes 
The world increasingly will start to look like developed countries are now. A two-fold rise in 
GDP of developed countries by 2050 implies a growth rate of around 1.4%. A 10-fold rise in 
2050 GDP in emerging countries relative to 2000 implies a growth rate of around 5%. In the 
rest of the world the growth rate is assumed to be around 3%. These growth rates seem well 
in the range of the feasible. For some specific sectors and technologies growth rates will be 
much higher. For a substantial electrification in transport and heating, resource use may 
become a bottleneck. For copper for example, growth rates in the order of 7% would be 
needed, substantially higher than the 5% realized in the last half century. Production would 
have to double every 10 years, from 14 years in the last half century. For such increases long 
term planning is required, based on trustable climate policy inducing the electrification. Here 
we abstract from such constraints. 
 
Land-use issues might come up in unexpected ways, due to substantial intensification with 
higher also GHG emissions and loss of nature area. These ecological risks need substantial 
attention but have been assumed here to be manageable. Such issues have been left out of 
account now.  
 
International trade may also have hidden problems. Though not rising as a percentage of 
global GDP, the sheer growth of global GDP may require too large volumes of trade to 
effectively handle in the sea lanes and the expanded ports available.  
 
As to the discussion on the 2-degrees scenario, the composition of final demand may not be 
shiftable as assumed in chapter 6, and even then has limited effects. For such an analysis, 
essential for policy purposes, additional information is required, as on price elasticity and 
income elasticity of specific expenditures. The shifts required will very much depend on the 
instrumentation of climate policy. Here only the task ahead is shown. 
 
A final deep underlying assumption is that we will not have global collapses, as through world 
wars, pandemics or other disasters.  
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7.2 Changing assumptions 
There are always good reasons to change assumptions, adding reasoning on mechanisms 
behind future developments. Simplifying assumptions as used here may be refined, showing 
the influence of refining. For example, the growth of some key sectors and consumption 
activities will approach saturation. With rising incomes several production and consumption 
activities level off: their income elasticity of demand goes down. This holds for most 
travelling including person car transport (Goodwin, 2012)  and for living space per person (Hu 
et al., 2010). For transport infrastructure the volume reductions as indicated by Goodwin 
would follow logically. For other built infrastructure levelling off seems most probable as well 
when final demand shifts to services. Most developing countries, however, have still to build 
up their infrastructure, like roads and railroads, which then have a very long life time. Also for 
many durable consumer goods this levelling off relation to income per head holds. One 
washing and drying machine per household will mostly suffice. Such a detailed analysis would 
support specific changes in final demand, and corresponding changes in production volumes. 
It would require substantial additional information, translated into further assumptions. One 
main additional assumption then would be on how the income not spent is redistributed over 
other activities. 
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8 Interpretation and conclusions 
8.1 Prediction versus goal oriented scenario analysis 
Though technologies and expenditures have been specified in detail, they should not be seen 
as predictions but only as technical options, required to give specificity in the scenarios. We 
have taken electric cars as the dominant drive mode but it might as well be hydrogen or 
ammonia as a fuel, linked to an electric drive, or to other drive systems. It is the nature of the 
change that counts: a full shift in drive mode is required, away from de-central carbon 
emissions. The technologies resulting will be efficient in some way, as costs are a main 
selection mechanism. So our efficient electric drives are exemplary, not predictive. Any 
transport drive system should be (near) zero direct emission, as otherwise CO2 emissions 
from transport would remain too high: CCS on decentralized mobile emitters just is not 
possible. Biomass for energy has been moved fully to electricity generation with CCS. 
 
8.2 Price and income effects 
One of the important limitations of the use of a static model is that it does not capture 
secondary effects. Secondary effects – for example relative price  and income effects – may 
have consequences on emissions. Our model might therefore be judged as having high 
estimates of emissions for a given scenario assumption. On the other hand we force our 
model to reproduce the reasonable assumptions on GDP growth by the OECD. While it is for 
certain that scenario assumptions have income effects the total of all income effects should 
result in the GDP scenarios of the OECD and our model complies to that. 
 
8.3 Comparison with other scenario studies 
The Techno Scenario is in the middle domain of the scenarios linked to a substantial warming 
by 2100. The 2-Degrees Scenario relates to the RCP2.6 scenario, where there are very limited 
scenarios studies available. Getting towards a 2-degrees target may involve not so plausible 
socio-economic scenarios. Getting there in terms of the IO-scenario presented here involves 
ultimately a drastic assumption: limiting economic growth by about 50%. This is much higher 
than other studies have so far reported. Knopf et al. (2009) and Edenhofer et al. (2009) have 
for example reported a GDP decrease between 2,5% and 5%, due to climate policy measures. 
Such minor reductions relate more to cost of climate policy than to an active reduction of 
economic growth as a means for emission reduction. 
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One of the essential assumptions underlying the different 2-degree scenario outcomes is the 
elaboration of the shift from the primary to the secondary and tertiary sectors. We assume 
that at a global level such a shift is not possible, due to the still limited development stage of 
the developing countries in 2050. Several integrated assessment models implicitly assume a 
development in industrial energy intensity similar to historic trends in developed countries 
through energy intensity curves. Without suggesting a preference for any type of modelling, 
this study shows that the difference in outcomes of climate policy cost predictions, emerging 
from such implicit modelling assumptions, may be very large. 
 
 
8.4 Conclusions 
The main conclusion is that reaching a 2-degrees target is possible only with deep changes in 
technology and deep changes in consumption and reduced growth levels. Technology alone 
will not do it and behavioural change alone cannot do either. Shifts In consumption can only 
have a limited influence on carbon emissions. A reduced growth scenario compatible with a 2 
degrees target would be so drastic that it is not feasible and would persist the income 
differences between poor and rich countries. 
 
Transforming both production and consumption in a globalized market economy would 
require a substantial use of the price mechanism: carbon pricing is essential. The thus 
adapted neoliberal order will not suffice, as markets have a limited domain. The long term 
technology development as is needed will require substantial public action. Also 
infrastructure development is done or guided by public government. Saddle points and lock-
ins are to be resolved with specific actions. Missing and distorted markets are to be replaced 
or repaired. How exactly this is to be done, with which set of instruments does not follow 
from this scenario analysis. This analysis shows however that there is a dramatic task ahead 
for global and regional climate policy, with high demands on very broadly working 
instruments. 
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Annex A Techno specifications 
Technological specifications of the transport sector 
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Technological specifications of commercial energy consumption 
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Annex B Supply-Use tables  
Supply use tables are available at:  
http://cml.leiden.edu/research/industrialecology/researchprojects/projects/cecilia/ 
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Annex C Detailed results  
Detailed results inclusive scripts that implement out ‘scenario machine’ are available at:  
http://cml.leiden.edu/research/industrialecology/researchprojects/projects/cecilia/ 
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Annex D Detailed description of the computational steps per scenario 
General approach 
For the purpose of CECILIA a scenario that describes a hypothetical economic structure of the 
world in 2050 including the major carbon emissions has to be made. An environmentally 
extended input-output model was chosen to implement such a scenario. 
 
Directly adjusting the IO coefficients or making a dynamic closed IO model were rejected as 
methods to implementing the scenarios. Because EXIOBASE provides supply-use tables, the 
scenarios could be implemented by manipulating the transactions in the supply-use tables. 
The manipulated supply-use tables can then in the (environmental) analysis stage be 
transformed in any type of IO table. Implementing the scenarios in the SUTs has the 
advantage that the transactions in a supply or use table are more easily interpreted and 
hence manipulated, the changes as a result of changing transactions (e.g. less volume of 
electricity use of an industry) can be compensated for in a very specific manner which is more 
flexible and more transparent and the resulting SUTs can be transformed into different IO 
tables. 
 
Manipulating transactions in the SUTs means that monetary volume (price times physical 
flow) is adjusted. In general we will assume that the price remains constant and the change in 
the monetary transaction is a reflection of the change in the physical flow. The 2050 scenario 
as implemented in the SUTs will therefore be in 2000 price levels. 
  
Manipulating the supply-use tables has been carried out using a set of Octave scripts2. The 
basis of the script consists of about 30 smaller functions that carry out a specific task on the 
supply-use framework. For example checking the balance of the table, calculating efficiency, 
removing or inserting rows etc. These small functions are all tested in an automated testing 
procedure. The smaller functions were used to set-up the scripts that implemented one of 
the scenario assumptions. The main script was a sequence of all these scenario scripts plus 
some intermediate result logging. 
 
The sequence of scenario steps implemented is as follows: 
Step 0: Preprocessing of the initial Supply-Use tables exported from EXIOBASE for the year 
2000. The preprocessing step consisted of reading in the tables and getting them 
fully balanced. 
                                                     
2 GNU Octave is an open source, freely available scripting language which is primarily used for numerical 
computations. The Octave language is quite similar to Matlab and scripts developed for Octave can be ported to 
Matlab without too much effort. See http://www.gnu.org/software/octave/ 
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Step 1:  Implementing the foreseen general efficiency improvement in the world economy 
from 2000 until 2050 and GDP growth. General efficiency change is defined as a 
reduced use of intermediate use of products by industry while keeping the total 
output of the industry constant. This general efficiency improvement leads to 
increased GDP. This GDP growth results in extra income per person. After the 
efficiency change an extra GDP growth scenario is implemented such that the total 
GDP growth reflects the foreseen GDP growth in each region from 2000 to 2050. The 
extra GDP growth can be seen as the growth as a result of population growth while 
keeping income per person constant. The international trade volumes between the 
different regions follow GDP growth. The SUTs after step 1 result in the BAU 
scenario. 
Step 2:  After the two general economy development scenarios several specific emission 
reduction technology are implemented in the industry sector and households. The 
SUTs after step 2 result in the Techno scenario. 
 
Step 1 can be seen as the first step towards the 2050 scenario implementation. The resulting 
SUTs describe a world in 2050 that has developed along the lines of a business as usual 
scenario (BAU scenario) without any climate change considerations and continued economic 
growth. The resulting SUTs after step 1 are therefore interesting to analyze and might be 
compared to other BAU scenarios such as the IPCC BAU 8.5 scenario (Meinshausen et al., 
2011) or OECD baseline scenarios (OECD, 2012a & 2012b). 
 
Step 2 consists of changing the electricity supply mix, several specific technology changes in 
the electricity supply sectors, and the use of energy in every sector (including final demand). 
The energy using sectors that are specifically targeted are iron & steel, cement, mobility and 
energy use in offices and residential buildings. 
 
Below a more detailed description is given of the 2050 scenarios and how they were 
implemented, with an analysis of the results 
 
Initial supply-use tables from EXIOBASE 
The default multi-region supply-use table available in EXIOBASE consists of 43 countries plus 
one Rest of World region. The supply-use tables of each country/region are divided into 129 
industries and 129 products, see Annex E and F for the items distinguished. For the purpose 
of the CECILIA project multi-region tables were first aggregated to a four region supply-use 
table. The four regions distinguished are: EU27, high income countries, developing countries 
and the Rest of World region. The definition of these regions is given in Annex G. The 
industries and products classification remains at the detailed level of 129 items. 
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The quality of the SUT for the rest-of-world region is low. The methods to create the multi-
region SUTs use the rest-of-world region as a ‘stop gap’. Imports and exports from the rest-
of-world region are calculated as a remainder of the imports and exports of all other 
countries. The contribution of the rest-of-world to total world GDP amounts to 11% in 2000 
and grows to 15% in 2050 according our scenario. The GHG emission contribution of the rest-
of-world region is 16% in 2000 and reduces to 13% in 2050 in the BAU scenario. 
 
The multi-region SUT exported from EXIOBASE is not well-balanced3 by default. This is mainly 
caused by the way the Rest of World region is integrated into the supply-use table. To be able 
to implement scenarios mechanistically, it is essential that the starting supply-use tables are 
well balanced. Therefore the output from EXIOBASE was first pre-processed to obtain a well-
balanced multi-region supply-use table. 
 
Step 0: Pre-processing of the supply-use tables 
Balancing the initial supply-use table proceeds in the following steps.  
1. The supply table remains initially untouched. From the supply table total industry 
output and total product output vectors are calculated. These two vectors will be 
used as precondition for the use table. 
2. The extensions (including the value added items) will initially not be changed. From 
the value added table, the total value added in each region is calculated. This sum 
value added is used as precondition for the sum final use in each region. The sum final 
use is scaled to the exact value added in each region. Notice that this leads to a very 
small adjustment of the final use data. The scaling factors are: 
Region Final use scaling factor 
EU 1.00021 
HI 0.98610 
BX 1.01790 
RoW 1.01494 
3. The total value added per industry sector is subtracted from the total industry output 
vector as was calculated from the supply table in step 1. The resulting vector is the 
boundary condition for the sum of intermediate use of each industry sector.  
                                                     
3 Well balanced means in this context that the following conditions hold 1) total industry input from the use 
table is equal to the total industry output of the supply table for each industry 2) total product use from the use 
table is equal to the total product supply of the supply table for each product 3) Total value added in each 
region is equal to total expenditure in each region 4) GDP income is equal to GDP expenditure is equal to GDP 
production in each region. 
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4. The total final use per final activity is calculated from the final use table that was 
scaled in step 2. The resulting vector is the boundary condition for sum of final use of 
each final use activity. 
5. The intermediate use table is combined with the final use table to create a single use 
table. The column sums of these table should be set equal to the vector created in 
step 3 and 4. The row sums of this single use table should be equal to the total 
product output vector from the supply table. 
6. Balancing the complete use table is performed using a RAS algorithm that takes care 
of negatives also. This so called generalized RAS algorithm (GRAS) was developed by 
Junius & Oosterhaven (2003). Typically the minimum deviation between required 
column- and row sums and observed column- and row sums is not satisfactory after 
this first operation 
7. The following steps proceed in a similar fashion as the previous steps except that now 
the final use matrix is not altered but only the intermediate use. The row and column 
sums of the supply table derived in step 1 remain a precondition for the whole use 
table. From the final use table the sum final use in each region is calculated. The sum 
value added in each region is scaled to the value of the final use in each region. 
Region Value added scaling factor 
EU 0.99996 
HI 1.00009 
BX 0.99995 
RoW 0.99958 
 
8. The total final use of products is subtracted from total product output vector from the 
supply table obtaining total intermediate product output. The resulting vector is the 
boundary condition for the sum of intermediate product use of each product. 
9. The total value added per value added category is calculated from the scaled value 
added table calculated in step 7. 
10. The total value added per industry sector is subtracted from the total industry output 
vector as was calculated from the supply table in step 1. The resulting vector is the 
boundary condition for the sum of intermediate use of each industry sector.  
11. The intermediate use table derived in Step 10 is balanced using the GRAS algorithm. 
 
The resulting matrices are well balanced. Some of its properties are given in the following 
Table. The maximum absolute difference between the product output of the use table and 
supply table is 1.4e-9 million euro. The maximum absolute difference between the industry 
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output from the use table and supply table is 9.3e-10 million euro. The absolute difference 
between income and consumer expenditure by each region is given below and is maximal 
7.5e-9 million Euro. 
 
GDP in 2000 for the four regions calculated from the income, expenditure and production side using the pre-processed 
EXIOBASE supply-use tables. 
Region 
GDP income 
Million € 
GDP expenditure 
Million € 
GDP production 
Million € 
GDPi – GDPe 
Million € 
GDPi – GDPp 
Million € 
EU 8.4059e+6 8.4059e+6 8.4059e+6 1.8e-8 1.8e-9 
HI 1.8066e+7 1.8066e+7 1.8066e+7 7.5e-9 3.7e-9 
BX 3.8454e+6 3.8454e+6 3.8454e+6 4.7e-10 4.7e-10 
RoW 3.6140e+6 3.6140e+6 3.6140e+6 9.3e-10 4.7e-10 
 
 
 
The absolute differences between sum income and final expenditure in each region 
Region 
| VA – FU |  
million € 
EU 0 
HI 7.5e-9 
BX 1.8e-9 
RoW 4.7E-10 
 
The carbon emissions from sectors and private households are not adapted during the pre-
processing. A profile of GHG emissions in the four regions in 2000 as calculated from these 
balanced SUTs is given in Figure 5-1. 
 
 
Step 1: General efficiency change and GDP growth 
Efficiency in this context has been defined as the ratio between intermediate product use 
and total output of an industry. Increased efficiency is seen as a reduced intermediate 
product use by an industry while keeping the same volume of industry output. The reduced 
volume of product use leads to a surplus of money that leads to an increased volume of value 
added for each industry. The increased volume of income means that a larger volume can be 
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spent on the final use of products. Hence efficiency change in this context leads to changes in 
GDP and income per person.  
 
The efficiency change operation has been implemented in an Octave script that adapted the 
SUTs in the following steps: 
1. The general efficiency change coefficient for each industry as described above is 
applied to its intermediate use of products as recorded in the use table. This leads to 
a smaller volume of product use while the output of each industry remains the same. 
This means that there is money generated in each industry that is not spent. 
2. This surplus money is transferred to the value added categories of each industry 
sector proportionally. The change in value added means that there is more money 
that can be used to buy goods or invest more, i.e. final demand for products should 
be increased without changing total product supply and keeping the income and final 
expenditures in each region balanced. 
3. This step involves moving the reduced intermediate product use to the final use 
categories such that total product use still matched total product supply. At this point 
the SUTs are not balanced because income and final expenditures in each region are 
not balanced. 
4. The system is balanced again following a similar procedure as described in the pre-
processing of the initial SUTs resulting in new balanced SUTs. 
5. The direct emissions from industries are changed as well. It is assumed that the 
reduced intermediate use of products (e.g. fuel, fertilizer etc.) brings reduced 
emissions accordingly. The realized efficiency in each industry sector is calculated and 
this factor is used to scale down the emissions of CO2, CH4 and N2O emissions. An 
efficiency increase leads to reduced emissions. 
6. The direct emissions from households are adapted as well. Because the efficiency 
increase leads to increased household consumption we assume that direct emissions 
from households increase also. The change in private consumption is used as key to 
change direct emissions from households. The efficiency increase results in direct 
emissions having a larger contribution to the total emissions in a region. 
 
Following the efficiency change, which leads to GDP growth a further autonomous GDP 
growth is introduced into the SUTs. GDP change in a region is implemented as an increase of 
domestic consumption and production in that region. The import and export from the region 
where GDP is changed follows the GDP change operation. The GDP growth scenario follows 
the efficiency change scenario. The efficiency change scenario encompassed some GDP 
growth. The 2000 to 2050 GDP growth scenario is first compared to the GDP growth already 
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accomplished by the efficiency change. The difference is made up for in the GDP growth 
scenario 
 
GDP change in the multi-region model is implemented mechanistically in the following steps 
in an Octave script that uses the output of the efficiency change script. 
1. The first step when implementing the GDP change is multiplying the complete use 
table for a particular region with the required GDP change factor. This operation has 
as side effect that the imports by a region from all other regions is changed as well 
2. The value added in each region is multiplied with the appropriate GDP change factor 
as well. 
3. The final use of each product is scaled in the same way as the total intermediate 
product use. 
4. The resulting total industry use and total product use are calculated from the changed 
intermediate use, final use and value added matrices. These are then forced upon the 
supply table, adjusting the supply table using the GRAS algorithm.  
5. After these first steps the SUTs are not well balanced because the total value added in 
each region is close but not exactly equal to total final use in a region. 
6. Again the supply-use tables are then balanced using the same procedure as used in 
the pre-processing procedure.  
7. The direct emissions from industries are changed as well. It is assumed that the 
changed intermediate use of products (e.g. fuel, fertilizer etc.) brings changes in 
emissions accordingly. The changed intermediate product use in each industry sector 
is calculated and this factor is used to scale the emissions of CO2, CH4 and N2O 
emissions. 
8. The direct emissions from households are adapted as well. Because the GDP growth 
leads to increased household consumption we assume that direct emissions from 
households increase also. The change in private consumption is used as key to change 
direct emissions from households. 
The result is new set of well-balanced SUTs that describe the world economy in 2050 which 
developed along the lines of an economically optimistic business as usual scenario without 
taking into account any further climate change policy considerations. It is of course a very 
hypothetical scenario because climate change policy is already affecting the energy use and 
supply chain and will continue to do so in the future. However this set of SUTs can be used as 
some sort of baseline/reference scenario in which the specific climate change policy 
scenarios are implemented which is step 2 of the analysis. The results of step 1 can also be 
compared with other BAU scenarios such as the IPCC BAU 8.5 scenario.  
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Step 2: Emission reduction technologies 
The implementation of the Techno Scenario takes the SUTs as generated in the BAU scenario 
as starting point and implements in these SUTs all probable and possible technological 
emission reduction measures that are foreseeable until 2050. The first technological measure 
implemented is a change in the electricity supply mix. This is at this point unrelated to 
changes in volume of electricity generation. That is implemented in a following step. 
 
The electricity supply mix change was implemented as follows. Given a new monetary 
electricity supply mix for each region the following steps were followed to implement this 
mix in the SUTs. 
1. The total electricity use of each industry sector and final use category is calculated. 
2. The total electricity use in each region is split in electricity use per sources (coal, gas, 
oil etc.). 
3. The GRAS method is used to minimally adjust the electricity use of each sector per 
source whereby total electricity use of each sector as calculated in (1) and total 
electricity use in each region as calculated in (2) function as the row and column 
constraints for adjustment of the electricity use matrix. 
4. The changed electricity supply mix leads proportionally to changes in the use of 
products, value added and emissions by the electricity production sectors. 
5. These changes in the use of products results in an unbalanced supply-use table that 
are subsequently rebalanced. 
Because there is a shift away from coal power plants we should see a reduced output from 
reduced coal mining and direct emissions from the coal mining sector. The gas extraction 
sector should not change much because electricity from gas power plants does not change 
that much compared to the BAU scenario, see Table 6-1. That is exactly what we observe in 
the SUTs, see below. 
The electricity supply mix implemented in the Techno scenario results in a shift away from coal power plants that as a 
result reduces output from coal mining and as a consequence also reduces direct CO2 emissions from coal mining. The gas 
extraction sector and direct emissions from the gas extraction sectors does not change much as result of the electricity 
supply mix change because electricity from gas power plants hardly changes. 
Region 
Total supply change Direct CO2 emissions 
Coal mining (%) Gas extraction (%) Coal mining (%) Gas extraction (%) 
EU -31.4 1.7 -26.9 1.6 
HI -16.6 -0.7 -15.8 -0.6 
BX -16.1 0.9 -16.1 1.4 
RoW 0.4 2.8 0.2 1.5 
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The direct emissions from the electricity supply sector due to the electricity supply mix 
changes reduce considerably. Changes in direct CO2 emissions from the electricity generation 
sector inclusive combined heat and power plants as a consequence of the electricity mix 
change is shown in the table below. 
 
Changes in direct CO2 emissions from the electricity generation sector inclusive combined heat and power plants as a 
consequence of the electricity mix change. 
Region Direct CO2 emissions (%) 
EU -38.3 
HI -22.5 
BX -45.1 
RoW -19.2 
 
After the electricity mix change all specific emission reduction technology measures have 
been implemented. Most of the measures involve a change in the product use of industry 
sectors where fossil fuels are replaced for electricity. These technological changes were 
formulated as a set of factors that moderate the inter-industry monetary flows. Another set 
of measures is implementing CCS which is formulated partly as a set of factors that 
manipulate the inter-industry flows (reduced efficiency, increased material use) as well as a 
set of factors the manipulate the volume of CO2 emissions. The detailed calculation steps are: 
1. The inter-industry matrix is multiplied by the, what we call, techno change factors. 
This affects about 15% off all industry sectors. 
2. This results in a different use and hence different supply of products. The adapted 
supply matrix is used to calculate the effect on industry output. 
3. The adapted industry output is used to scale the columns of the use, value added and 
emissions matrix.  
4. After these first steps the monetary SUTs are rebalanced again following the same 
operation as described in the pre-processing of the SUTs. 
5. Having the balanced SUTs the use of fossil fuels derived from these tables is used to 
calculate CO2 emissions from fossil fuel burning because we know the kg C content 
per Euro of fossil fuel. 
6. Specific end of pipe measures as CCS are also introduced in the CO2 emissions data. 
7. The changed intermediate product use in each industry sector is calculated and this 
factor is used to scale the emissions of CH4 and N2O emissions. The difference 
between the scaling of CO2 emissions and CH4 and N2O emissions is that for CO2 we 
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look very specifically at fossil fuel use while for CH4 and N2O we use generic product 
use in each sector as key to scale the CH4 and N2O emissions. 
 
After implementing the technological changes in the industry the generated SUTs are used 
for the implementation of specific technological changes in the final consumption of 
products. Also in households there is a shift away from the use of fossil fuels for car driving, 
household heating towards the use of electricity. The changes in the final consumption were 
again formulated as a set of consumption change factors.  
1. The final demand of products was first multiplied by these consumption change 
factors. 
2. This results in a new total product use as calculated from the row sum of the 
Intermediate use and final use matrix. 
3. This changed total product used to scale the supply matrix resulting in new total 
industry output values. 
4. The changed total industry output calculated from the supply table is subsequently 
used to scale the columns of the intermediate use table, value added table and 
emissions matrix. 
5. The resulting SUTs are unbalanced and are rebalanced again following the same 
operation as described in the pre-processing of the SUTs. 
6. Having calculated a new final use of fossil fuels the CO2 emissions from fossil fuel 
burning can be calculated because we know the kg C content per Euro of fossil fuel. 
At the end of this operation the resulting SUT reflects the Techno Scenario. 
 
IOT generation 
The SUTs generated for each scenario are analysed after they have been transformed into a 
symmetric product by product – industry technology assumption which is a simple operation 
and extensively described in Eurostat (2008) or by Konijn (1994). 
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Annex E Industry classification 
Industry code Industry name 
i01.a Cultivation of paddy rice 
i01.b Cultivation of wheat 
i01.c Cultivation of cereal grains nec 
i01.d Cultivation of vegetables, fruit, nuts 
i01.e Cultivation of oil seeds 
i01.f Cultivation of sugar cane, sugar beet 
i01.g Cultivation of plant-based fibers 
i01.h Cultivation of crops nec 
i01.i Cattle farming 
i01.j Pigs farming 
i01.k Poultry farming 
i01.l Meat animals nec 
i01.m Animal products nec 
i01.n Raw milk 
i01.o Wool, silk-worm cocoons 
i02 Forestry, logging and related service activities (02) 
i05 Fishing, operating of fish hatcheries and fish farms; service activities incidental to fishing (05) 
i10 Mining of coal and lignite; extraction of peat (10) 
i11.a Extraction of crude petroleum and services related to crude oil extraction, excluding surveying 
i11.b Extraction of natural gas and services related to natural gas extraction, excluding surveying 
i11.c Extraction, liquefaction, and regasification of other petroleum and gaseous materials 
i12 Mining of uranium and thorium ores (12) 
i13.1 Mining of iron ores 
i13.20.11 Mining of copper ores and concentrates 
i13.20.12 Mining of nickel ores and concentrates 
i13.20.13 Mining of aluminium ores and concentrates 
i13.20.14 Mining of precious metal ores and concentrates 
i13.20.15 Mining of lead, zinc and tin ores and concentrates 
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Industry code Industry name 
i13.20.16 Mining of other non-ferrous metal ores and concentrates 
i14.1 Quarrying of stone 
i14.2 Quarrying of sand and clay 
i14.3 Mining of chemical and fertilizer minerals, production of salt, other mining and quarrying n.e.c. 
i15.a Processing of meat cattle 
i15.b Processing of meat pigs 
i15.c Processing of meat poultry 
i15.d Production of meat products nec 
i15.e Processing vegetable oils and fats 
i15.f Processing of dairy products 
i15.g Processed rice 
i15.h Sugar refining 
i15.i Processing of Food products nec 
i15.j Manufacture of beverages 
i15.k Manufacture of fish products 
i16 Manufacture of tobacco products (16) 
i17 Manufacture of textiles (17) 
i18 Manufacture of wearing apparel; dressing and dyeing of fur (18) 
i19 Tanning and dressing of leather; manufacture of luggage, handbags, saddlery, harness and 
footwear (19) 
i20 Manufacture of wood and of products of wood and cork, except furniture; manufacture of 
articles of straw and plaiting materials (20) 
i21 Manufacture of pulp, paper and paper products (21) 
i22 Publishing, printing and reproduction of recorded media (22) 
i23.1 Manufacture of coke oven products 
i23.20.a Manufacture of motor spirit (gasoline) 
i23.20.b Manufacture of kerosene, including kerosene type jet fuel 
i23.20.c Manufacture of gas oils 
i23.20.d Manufacture of fuel oils n.e.c. 
i23.20.e Manufacture of petroleum gases and other gaseous hydrocarbons, except natural gas 
i23.20.f Manufacture of other petroleum products 
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Industry code Industry name 
i23.3 Processing of nuclear fuel 
i24 Manufacture of chemicals and chemical products (24) 
i25 Manufacture of rubber and plastic products (25) 
i26.a Manufacture of glass and glass products 
i26.b Manufacture of ceramic goods 
i26.c Manufacture of bricks, tiles and construction products, in baked clay 
i26.d Manufacture of cement, lime and plaster 
i26.e Manufacture of other non-metallic mineral products n.e.c. 
i27.a Manufacture of basic iron and steel and of ferro-alloys and first products thereof 
i27.41 Precious metals production 
i27.42 Aluminium production 
i27.43 Lead, zinc and tin production 
i27.44 Copper production 
i27.45 Other non-ferrous metal production 
i27.5 Casting of metals 
i28 Manufacture of fabricated metal products, except machinery and equipment (28) 
i29 Manufacture of machinery and equipment n.e.c. (29) 
i30 Manufacture of office machinery and computers (30) 
i31 Manufacture of electrical machinery and apparatus n.e.c. (31) 
i32 Manufacture of radio, television and communication equipment and apparatus (32) 
i33 Manufacture of medical, precision and optical instruments, watches and clocks (33) 
i34 Manufacture of motor vehicles, trailers and semi-trailers (34) 
i35 Manufacture of other transport equipment (35) 
i36 Manufacture of furniture; manufacturing n.e.c. (36) 
i37.1 Recycling of metal waste and scrap 
i37.2 Recycling of non-metal waste and scrap 
i40.11.a Production of electricity by coal 
i40.11.b Production of electricity by gas 
i40.11.c Production of electricity by nuclear 
i40.11.d Production of electricity by hydro 
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Industry code Industry name 
i40.11.e Production of electricity by wind 
i40.11.f Production of electricity nec, including biomass and waste 
i40.12 Transmission of electricity 
i40.13 Distribution and trade of electricity 
i40.2 Manufacture of gas; distribution of gaseous fuels through mains 
i40.3 Steam and hot water supply 
i41 Collection, purification and distribution of water (41) 
i45 Construction (45) 
i50.a Sale, maintenance, repair of motor vehicles, motor vehicles parts, motorcycles, motor cycles 
parts and accessories 
i50.b Retail sale of automotive fuel 
i51 Wholesale trade and commission trade, except of motor vehicles and motorcycles (51) 
i52 Retail trade, except of motor vehicles and motorcycles; repair of personal and household goods 
(52) 
i55 Hotels and restaurants (55) 
i60.1 Transport via railways 
i60.2 Other land transport 
i60.3 Transport via pipelines 
i61.1 Sea and coastal water transport 
i61.2 Inland water transport 
i62 Air transport (62) 
i63 Supporting and auxiliary transport activities; activities of travel agencies (63) 
i64 Post and telecommunications (64) 
i65 Financial intermediation, except insurance and pension funding (65) 
i66 Insurance and pension funding, except compulsory social security (66) 
i67 Activities auxiliary to financial intermediation (67) 
i70 Real estate activities (70) 
i71 Renting of machinery and equipment without operator and of personal and household goods 
(71) 
i72 Computer and related activities (72) 
i73 Research and development (73) 
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Industry code Industry name 
i74 Other business activities (74) 
i75 Public administration and defence; compulsory social security (75) 
i80 Education (80) 
i85 Health and social work (85) 
i90.01 Collection and treatment of sewage 
i90.02.a Collection of waste 
i90.02.b Incineration of waste 
i90.02.c Landfill of waste 
i90.03 Sanitation, remediation and similar activities 
i91 Activities of membership organisation n.e.c. (91) 
i92 Recreational, cultural and sporting activities (92) 
i93 Other service activities (93) 
i95 Private households with employed persons (95) 
i99 Extra-territorial organizations and bodies 
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Annex F Product classification 
Product code Product name 
p01.a Paddy rice 
p01.b Wheat 
p01.c Cereal grains nec 
p01.d Vegetables, fruit, nuts 
p01.e Oil seeds 
p01.f Sugar cane, sugar beet 
p01.g Plant-based fibers 
p01.h Crops nec 
p01.i Cattle 
p01.j Pigs 
p01.k Poultry 
p01.l Meat animals nec 
p01.m Animal products nec 
p01.n Raw milk 
p01.o Wool, silk-worm cocoons 
p02 Products of forestry, logging and related services (02) 
p05 Fish and other fishing products; services incidental of fishing (05) 
p10 Coal and lignite; peat (10) 
p11.a Crude petroleum and services related to crude oil extraction, excluding surveying 
p11.b Natural gas and services related to natural gas extraction, excluding surveying 
p11.c Other petroleum and gaseous materials 
p12 Uranium and thorium ores (12) 
p13.1 Iron ores 
p13.20.11 Copper ores and concentrates 
p13.20.12 Nickel ores and concentrates 
p13.20.13 Aluminium ores and concentrates 
p13.20.14 Precious metal ores and concentrates 
p13.20.15 Lead, zinc and tin ores and concentrates 
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Product code Product name 
p13.20.16 Other non-ferrous metal ores and concentrates 
p14.1 Stone 
p14.2 Sand and clay 
p14.3 Chemical and fertilizer minerals, salt and other mining and quarrying products n.e.c. 
p15.a Products of meat cattle 
p15.b Products of meat pigs 
p15.c Products of meat poultry 
p15.d Meat products nec 
p15.e products of Vegetable oils and fats 
p15.f Dairy products 
p15.g Processed rice 
p15.h Sugar 
p15.i Food products nec 
p15.j Beverages 
p15.k Fish products 
p16 Tobacco products (16) 
p17 Textiles (17) 
p18 Wearing apparel; furs (18) 
p19 Leather and leather products (19) 
p20 Wood and products of wood and cork (except furniture); articles of straw and plaiting materials 
(20) 
p21 Pulp, paper and paper products (21) 
p22 Printed matter and recorded media (22) 
p23.1 Coke oven products 
p23.20.a Motor spirit (gasoline) 
p23.20.b Kerosene, including kerosene type jet fuel 
p23.20.c Gas oils 
p23.20.d Fuel oils n.e.c. 
p23.20.e Petroleum gases and other gaseous hydrocarbons, except natural gas 
p23.20.f Other petroleum products 
p23.3 Nuclear fuel 
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Product code Product name 
p24 Chemicals, chemical products and man-made fibres (24) 
p25 Rubber and plastic products (25) 
p26.a Glass and glass products 
p26.b Ceramic goods 
p26.c Bricks, tiles and construction products, in baked clay 
p26.d Cement, lime and plaster 
p26.e Other non-metallic mineral products 
p27.a Basic iron and steel and of ferro-alloys and first products thereof 
p27.41 Precious metals 
p27.42 Aluminium and aluminium products 
p27.43 Lead, zinc and tin and products thereof 
p27.44 Copper products 
p27.45 Other non-ferrous metal products 
p27.5 Foundry work services 
p28 Fabricated metal products, except machinery and equipment (28) 
p29 Machinery and equipment n.e.c. (29) 
p30 Office machinery and computers (30) 
p31 Electrical machinery and apparatus n.e.c. (31) 
p32 Radio, television and communication equipment and apparatus (32) 
p33 Medical, precision and optical instruments, watches and clocks (33) 
p34 Motor vehicles, trailers and semi-trailers (34) 
p35 Other transport equipment (35) 
p36 Furniture; other manufactured goods n.e.c. (36) 
p37.1 Metal secondary raw materials 
p37.2 Non-metal secondary raw materials 
p40.11.a Electricity by coal 
p40.11.b Electricity by gas 
p40.11.c Electricity by nuclear 
p40.11.d Electricity by hydro 
p40.11.e Electricity by wind 
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Product code Product name 
p40.11.f Electricity nec, including biomass and waste 
p40.12 Transmission services of electricity 
p40.13 Distribution and trade services of electricity 
p40.2 Manufactured gas and distribution services of gaseous fuels through mains 
p40.3 Steam and hot water supply services 
p41 Collected and purified water, distribution services of water (41) 
p45 Construction work (45) 
p50.a Sale, maintenance, repair of motor vehicles, motor vehicles parts, motorcycles, motor cycles 
parts and accessories 
p50.b Retail trade services of motor fuel 
p51 Wholesale trade and commission trade services, except of motor vehicles and motorcycles (51) 
p52 Retail trade services, except of motor vehicles and motorcycles; repair services of personal and 
household goods (52) 
p55 Hotel and restaurant services (55) 
p60.1 Railway transportation services 
p60.2 Other land transportation services 
p60.3 Transportation services via pipelines 
p61.1 Sea and coastal water transportation services 
p61.2 Inland water transportation services 
p62 Air transport services (62) 
p63 Supporting and auxiliary transport services; travel agency services (63) 
p64 Post and telecommunication services (64) 
p65 Financial intermediation services, except insurance and pension funding services (65) 
p66 Insurance and pension funding services, except compulsory social security services (66) 
p67 Services auxiliary to financial intermediation (67) 
p70 Real estate services (70) 
p71 Renting services of machinery and equipment without operator and of personal and household 
goods (71) 
p72 Computer and related services (72) 
p73 Research and development services (73) 
p74 Other business services (74) 
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Product code Product name 
p75 Public administration and defence services; compulsory social security services (75) 
p80 Education services (80) 
p85 Health and social work services (85) 
p90.01 Collection and treatment services of sewage 
p90.02.a Collection of waste 
p90.02.b Incineration of waste 
p90.02.c Landfill of waste 
p90.03 Sanitation, remediation and similar services 
p91 Membership organisation services n.e.c. (91) 
p92 Recreational, cultural and sporting services (92) 
p93 Other services (93) 
p95 Private households with employed persons (95) 
p99 Extra-territorial organizations and bodies 
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Annex G Country classification 
Country Region 
Austria EU 
Belgium EU 
Bulgaria EU 
Cyprus EU 
Czech Republic EU 
Germany EU 
Denmark EU 
Estonia EU 
Spain EU 
Finland EU 
France EU 
Greece EU 
Hungary EU 
Ireland EU 
Italy EU 
Lithuania EU 
Luxembourg EU 
Latvia EU 
Malta EU 
Netherlands EU 
Poland EU 
Portugal EU 
Romania EU 
Sweden EU 
Slovenia EU 
Slovak Republic EU 
United Kingdom EU 
United States HI 
Japan HI 
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China BX 
Canada HI 
South Korea HI 
Brazil BX 
India BX 
Mexico BX 
Russian Federation BX 
Australia HI 
Switzerland HI 
Turkey BX 
Taiwan HI 
Norway HI 
Indonesia BX 
South Africa BX 
Rest of World RoW 
 
